###### Strengths and limitations of this study

-   Adequately powered and blinded for a patient-centred functional outcome.

-   Intervention based on a pragmatic intervention with proven efficacy.

-   Complex intervention, possible risk of contamination.

-   Feasibility of prehabilitation in older people with frailty before surgery unproven.

Introduction {#s1}
============

Our population is ageing rapidly, a demographic shift that directly impacts perioperative care. People aged \>60 years are the fastest growing group of surgical patients,[@R1] and experience adverse outcomes at a rate two to four times higher than younger patients.[@R2] However, among older surgical patients, research suggests that 25%--40% of adverse outcomes are attributable to the presence of frailty.[@R4] Frailty is a multidimensional syndrome based on an aggregate susceptibility to adverse health outcomes due to age-related and disease-related deficits that accumulate across multiple domains.[@R7] Independent of age, gender and other confounders, people with frailty have significantly higher rates of postoperative morbidity, mortality and healthcare resource use. People living with frailty are also significantly more likely to develop a new disability after elective surgery than older people without frailty.[@R9]

Despite the growing observational literature that links the presence of preoperative frailty with adverse outcomes across different surgical procedures, the literature evaluating interventions to improve the postoperative outcomes of people living with frailty is sparse.[@R6] Frailty-related risk is manifest through vulnerability to stressors.[@R7] Surgery induces substantial physiological stress, and some data suggest that people with frailty experience a significantly increased risk of early mortality (over 30 times higher than non-frail patients on postoperative day 3).[@R10] These findings support the hypothesis that the limited physical reserve of frail patients may contribute to their risk of adverse outcomes. Therefore, interventions that target the physical reserve of people with frailty may contribute to improved outcomes. Exercise training in non-surgical people with frailty improves functional capacity, muscle strength and may decrease frailty itself.[@R11] In particular, structured multicomponent programmes demonstrate superior outcomes to other types of programmes in older people with frailty.[@R12] Exercise prehabilitation (preoperative exercise training) of people without frailty having colorectal surgery improves postoperative function when compared with postoperative exercise alone,[@R14] an effect that may be especially pronounced in people who are older or who have multimorbidity. A recent randomised trial of personalised prehabilitation in high-risk older people having abdominal surgery reduced complications by 50%.[@R15] Therefore, we hypothesise that exercise prehabilitation may be an appropriate intervention to improve the postoperative outcomes of people living with frailty.

The primary objective of this study is to test the efficacy of home-based exercise prehabilitation for older people with frailty having elective surgery with curative intent for intra-abdominal or intrathoracic cancer, to improve postoperative function as measured by the 6 min walk test (6-MWT) at their first postoperative clinic visit in a parallel-arm superiority trial with equal allocation between arms. Our secondary objective is to measure this intervention's efficacy in improving other important outcomes, including patient-reported and health system measures.

Methods and analysis {#s2}
====================

Study design and setting {#s2a}
------------------------

We will conduct a single-centre, parallel-arm randomised controlled trial of home-based exercise prehabilitation versus standard perioperative care in people living with frailty undergoing elective surgery for intra-abdominal and intrathoracic known or suspected cancer at The Ottawa Hospital (TOH). This will be a superiority trial to test the hypothesis that home-based exercise prehabilitation will result in improved postoperative functional outcomes compared with standard care plus a generic activity guide. This protocol is reported in keeping with the Standard Protocol Items: Recommendations for Intervention Trials guidelines.[@R16] TOH is a 900-bed tertiary care academic health sciences centre serving a catchment area of 1.2 million people. TOH is the regional cancer referral centre for the Eastern portion of the Canadian province of Ontario. On average, intra-abdominal and patients with intrathoracic cancer are seen 4 weeks prior to surgery (as this is a provincial benchmark for cancer care). Research ethics board (REB) approval has been granted by the study centre.

Eligibility criteria {#s2b}
--------------------

All consenting patients 60 years or older who are: scheduled to undergo elective surgery for intra-abdominal and intrathoracic cancer (colorectal, thoracic, hepatobiliary or urological); able to communicate in French or English; willing to participate in home-based exercise and identified with frailty based on the Clinical Frailty Scale (CFS; score of [\>]{.ul}4/9) will be included. The CFS is a nine-point global frailty scale based on clinical evaluation and judgement of an individual's mobility, energy, physical activity and function.[@R8] The CFS is highly correlated (ρ−0.80) with the Canadian Study of Health and Ageing Frailty Index. A multitude of frailty instruments exist to diagnose frailty. We have chosen the CFS as it is easily administered, has excellent inter-rater reliability and has been shown to accurately identify older patients at high risk of adverse outcomes in a variety of acute-care settings.[@R8] The CFS will be administered by trained clinicians and clinical researchers.

Intervention {#s2c}
------------

The intervention will be a home-based total-body exercise training programme (exercise prehabilitation), based on a protocol with proven efficacy in improving the function of people without frailty in less than 4 weeks before surgery[@R14] (see online [supplementary methods 1](#SP1){ref-type="supplementary-material"}). All intervention group participants will be exposed to at least 3 weeks of exercise, as previous use of this exercise protocol was shown to be efficacious with a median of 24 days participation,[@R14] and because provincial benchmarks require less than 4 weeks from diagnosis to cancer surgery. However, because some individuals will undergo neoadjuvant chemotherapy, diagnosis to surgery time frames may vary. Therefore, we will take a pragmatic approach and allow for variable exposure periods for the intervention. Exercise prehabilitation will consist of three components: (1) strength training, (2) aerobic exercise and (3) flexibility. Exercise prehabilitation will be prescribed as 1-hour sessions performed a minimum of 3 times per week. Intervention group patients will also be provided with standard nutritional advice. In addition to paper-based materials outlining the exercise prehabilitation programme, participants will have an individualised teaching session at the time of recruitment as well as being provided with a take home video. Furthermore, activity logs and weekly phone calls will be used to encourage and measure compliance and to answer questions.
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The strength training component consists of 1 set of 10 repetitions of 10 exercises. The exercises include: push ups, seated rows, chest fly, deltoid lift, bicep curls, triceps extensions, chair squats, hamstring curls, standing calf raises and abdominal crunches. The participants will be provided with an elastic band in order to complete these exercises at home. In addition, participants will be encouraged to modify the exercises based on ability. The aerobics component consists of the participants' choice of cardio (eg, walking, biking or swimming) for 20 min at moderate intensity. Lastly, the flexibility component consists of six stretches, each to be held for 20 s, done for two repetitions. The stretches target the chest, arms, legs and truck.

Participants randomised to the control group will receive WHO Global Recommendations for Physical Activity for Health for people 60 years and above pamphlet, as well as Canada's Food Guide. Both groups will receive pedometers to track their daily step count before surgery.

All other preoperative, intraoperative and postoperative care will be at the discretion of each patient's care team for both intervention and control arm participants. Specifically, intraoperative anaesthesia interventions and intraoperative and postoperative surgical care will be at the discretion of treating physicians.

Outcomes {#s2d}
--------

The primary outcome will be postoperative functional capacity, measured using the 6-MWT. The 6-MWT will be administered at baseline and at the first postoperative clinic visit. The 6-MWT has been widely used for preoperative and postoperative evaluation and for measuring the response to therapeutic interventions for pulmonary and cardiac disease.[@R20] A clinically relevant difference in this outcome is a change of 25 m walked over 6 min.[@R19] All patients will perform a standardised, self-paced 6-MWT test in a 30 m long corridor. They will be instructed to walk as far as possible for 6 min. Patients will be allowed to stop at any time but will be encouraged to restart as soon as possible. Covered distance after 6 min will be measured to the nearest metre.

Secondary outcomes will reflect four specific domains: (1) function, (2) patient-reported health outcomes and complications, (3) healthcare resource utilisation and (4) patient experience with exercise prehabilitation. Outcome assessment windows are shown in [figure 1](#F1){ref-type="fig"}.

![Study flow. BPNES, Basic Psychological Needs in Exercise Scale; CFS, Clinical Frailty Scale; 6-MWT, 6 min walk test; PANAS, Positive and Negative Affect Schedule; SPPB, short physical performance battery; TDF, Theoretical Domains Framework; WHODAS, WHO Disability Assessment Schedule measuring Disability-Free Survival; EQ-5D: Health-Related Quality of Life Measure; Baseline Activity Questionnaire; Fear of Falling Questionnaire; Healthcare resource utilisation: length of hospital stay, discharge to an institution, readmissions within 30 days of discharge and total healthcare costs.](bmjopen-2018-022057f01){#F1}

Secondary functional outcomes will be assessed using the short physical performance battery (SPPB), measured at baseline and at the first postoperative clinic visit. This is a validated, objective assessment which evaluates lower extremity functioning in older individuals through assessment of balance, gait speed and lower limb functional strength.[@R22] Individuals unable to complete a task, receive a score of 0.

Patient-reported health-related quality of life (HRQoL) using the EuroQoL five-dimensional questionnaire (EQ-5D)[@R25] (five-level version) will be measured at baseline, first clinic visit and 90 days after surgery. The EQ-5D assesses domains of self-perceived mobility, self-care, usual activity participation, pain/discomfort and anxiety depression, as well as a 0--100 point scale relating the person's current health status to their best imaginable status. Patient-reported disability will be measured using WHO Disability Assessment Schedule V.2.0 instrument,[@R26] a 12-item, 30-day look-back multidimensional disability scale that is validated in a variety of disease states, including surgery.[@R26] Disability scores will be measured at baseline, first clinic follow-up and 90 days after surgery. Disability-free survival will be assessed at 90 days, based on an individual surviving to 90 days after surgery without developing a new disability.[@R31] Complications will be identified during the index hospitalisation using the Postoperative Morbidity Survey.[@R32]

Healthcare resource utilisation measures will include length of hospital stay, discharge to an institution, readmissions within 30 days of discharge and total healthcare costs (using a validated algorithm in our administrative data[@R33]).

Patient experience with exercise prehabilitation will be examined. The validated 10-item version of the positive and negative affect schedule will be used to measure participants' feelings and emotions after exercise.[@R34] A subset of questions taken from the Basic Psychological Needs in Exercise scale will be used to measure participants' competence and autonomy felt in relation to their participation in the exercise prehabilitation programme.[@R35] We will conduct semistructured interviews using an interview guide informed by the Theoretical Domains Framework[@R36] to provide insight into the barriers and facilitators to performing exercise prehabilitation in this population. All participants will be asked how likely they would be to recommend the prehabilitation programme to a similar patient going for a similar surgery as themselves.

Sample size {#s2e}
-----------

To detect a clinically important 25 m difference in the mean 6-MWT between study arms, using a two-sided two-sample equal-variance t-test at the 5% level of significance with 80% power, and assuming an SD of 55 m based on a previously published trial,[@R14] we will require 77 patients per arm. This sample size calculation is conservative as it does not account for the increased efficiency due to adjustment for the baseline 6-MWT in an analysis of covariance (ANCOVA). Assuming a conservative estimate of a 0.5 correlation with baseline 6-MWT, power to detect the minimum important difference increases to 90%. To account for up to 20% attrition, we will enrol 100 patients per arm.

Recruitment {#s2f}
-----------

Patients will be recruited from our hospital's Cancer Assessment Center. Following cancer diagnosis, patients are seen by a surgeon 3--4 weeks prior to their scheduled operation. Following surgical assessment and confirmation of the decision to operate, patients who consent to consideration for research contact, and who meet all inclusion criteria except for frailty score, will be assessed by a trained clinician or clinical assistant using the CFS.[@R8] Patients who score [\>]{.ul}4/9 on the CFS will then be offered the opportunity to provide written informed consent.

Patient and public involvement {#s2g}
------------------------------

A James Lind Alliance Research Priority Partnership has identified the role of exercise and care of older people having surgery as 2 of the top 10 priorities in perioperative research.[@R37] These priorities directly informed our research question. We also ensured that our study was powered to address a patient-centred primary outcome which also reflected function, an outcome of key importance for older people.[@R38] Patients were not, however, directly involved in design, recruitment or conduct of the study. As described in the outcomes section above, patient experience with the intervention will be measured quantitatively and qualitatively. Study results will be disseminated to participants through social media and our hospital patient and family advisory council.

Assignment of the intervention {#s2h}
------------------------------

The random allocation sequence will be computer generated by the study biostatistician using permuted blocks of randomly varying lengths, stratified on planned open versus minimally invasive surgery. Study personnel will access the randomisation sequence via a central secure internet-based application to ensure adequate allocation concealment.

Blinding {#s2i}
--------

Clinicians and outcome assessors will be blinded to treatment allocation. All participants will be informed that they are being enrolled in a study to increase their level of physical activity prior to surgery. Control arm patients will be provided WHO activity pamphlet and encouraged to be active prior to surgery; however, treatment status cannot be fully concealed to participants.

Data collection and management {#s2j}
------------------------------

Data will be collected in three ways. All preoperative functional assessments, and demographics will be collected by trained study personnel using a secure, iPad-based application that has been specifically designed for this study. Postoperative functional outcomes, HRQoL and disability will also be collected with this application, either in person or by phone. Patients will keep a daily activity log during the exercise prehabilitation phase. Length of stay, discharge disposition, readmissions and healthcare costs and mortality will be calculated through linkage to our hospital data warehouse and provincial health administrative data system, which contain validated measured of these outcomes. All study data will be stored on a secure server in our hospital data warehouse in a privacy legislation compliant manner. Patient diaries will be entered into the data collection system and stored in the same way; paper copies will be maintained in an appropriately locked and secured filing cabinet. The principal investigator will have access to the blinded data set. Data linked to our provincial health administrative data system will be stored and managed according to specific privacy legislation which governs use of this data.

Data analysis {#s2k}
-------------

All outcomes will be analysed according to intention to treat principles. Descriptive statistics (mean and SD for continuous variables or median and IQR for skewed distributions, and frequency and proportion for categorical variables) will be used to compare characteristics of participants at baseline.

The primary outcome will be measured at baseline and first postdischarge clinic visit. The response at the first postdischarge visit will be analysed using linear regression analysis with the baseline measure entered as a covariate (ie, using ANCOVA). The model will include the stratification factors (planned open vs minimally invasive surgery), and prespecified covariates: age, sex, surgery type, preoperative chemo, American Society of Anesthesiology score and frailty score. The intervention effect will be estimated using the adjusted least square mean difference between arms and presented together with 95% CI. Every effort will be made to avoid missing outcome data; nevertheless, to assess the potential for differential attrition, the characteristics of patients dropping out will be compared between arms, as well as to the characteristics of patients completing the study. To adjust for potential bias due to attrition under a missing at random mechanism, the regression model will include baseline characteristics found to be associated with attrition. Sensitivity analyses will additionally be carried out to examine the potential impact of non-random missingness under a pattern-mixture model.[@R39] We will also perform a per-protocol analysis with [\>]{.ul}80% compliance based on activity logs (ie, completion of [\>]{.ul}80% of prescribed exercise sessions) considered as adherent to the protocol.

The SPPB will be analysed in the same manner as the primary outcome. Secondary outcomes measured at \>2 time points (EQ-5D, disability) will be analysed using repeated measures linear regression. Binary secondary outcomes (disability-free survival, complications, readmissions and institutional discharge) will be analysed using logistic regression. Time to hospital discharge will be analysed using Cox regression with in-hospital mortality as a competing risk. Total healthcare costs will be compared using a generalised linear model with gamma distributed errors and a log link to account for the skewed nature of cost data. Overall survival will be analysed using Cox regression. All secondary analyses will include the same covariates as described for the primary outcome.

Patient experience with exercise prehabilitation data will be analysed descriptively (mean and SD for continuous variables or median and IQR for skewed distributions, and frequency and proportion for categorical variables). Interview data will be transcribed and then coded in duplicate to identify responses relevant to the theoretical domains. The coded data will then be used to identify consistent belief statements, which represent an underlying theme that impacts behaviour. The frequency of each belief statement will be calculated.

Ethics and dissemination {#s3}
========================

Each participant will be given the opportunity to read, consider and ask questions about the information in the informed consent form. The trained research assistant must obtain written informed consent (see online [supplementary material](#SP2){ref-type="supplementary-material"}) from the participant before any study procedures occur. Any modifications to the protocol which may impact on the conduct of the study, potential benefit of the patient or may affect patient safety, including changes of study objectives, study design, patient population, sample sizes, study procedures or significant administrative aspects will require a formal amendment to the protocol. Such amendments will be reviewed and approved by the local REB. All items from WHO Trial Registration Data Set can be viewed as an online [supplementary file](#SP3){ref-type="supplementary-material"}.
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Confidentiality {#s3a}
---------------

Patients' data will be anonymised using a study identification number that will be stored using a protected file separated from the research data. This file will be stored on a secured hospital server where only the researchers in this study will have access to the research data.

Monitoring {#s3b}
----------

A Data and Safety Monitoring Board (DSMB) has been established. During the period of recruitment, interim analyses and safety outcomes will be supplied in confidence to the DSMB, along with any other analyses that the committee may request. The purpose of the DSMB is to protect participant safety, safeguard the credibility and integrity of the trial for subjects, and to ensure the timely conclusion of the trial so its results can be disseminated.

All adverse events that occur after enrolment during in-person data collection and throughout the exercise prehabilitation period will be documented. Serious adverse events that the principal investigator deems related to the study protocol will be reported to the REB as soon as possible. Local protocols mandate that reporting occur within 7 days if the study-related serious adverse event is unexpected and involves greater risk. Adverse events related to the participants underlying cancer and related treatment will not be collected as part of this study.

Dissemination {#s3c}
-------------

Results will be disseminated through presentation at scientific conferences, through peer-reviewed publication, stakeholder organisations and engagement of social and traditional media.

Discussion {#s4}
==========

Older people living with frailty represent a growing and high-risk stratum of the perioperative population. Interventions to improve the outcomes of older surgical patients living with frailty are urgently needed.[@R6] This prospective randomised clinical trial will address multiple knowledge gaps in the perioperative frailty literature. The findings will provide novel insights into improving patient-centred and system-centred outcomes. Due to the increasing prevalence of older adults living with frailty in the perioperative setting, and associated adverse outcomes, interventions tailored for, and tested in, this population are a priority.

Several studies have demonstrated that exercise prehabilitation in patients going for abdominal or cancer surgery may reduce adverse events and improve postoperative function[@R14] However, to our knowledge, no studies have measured the impact of exercise prehabilitation on postoperative outcomes in surgical patients living with frailty. Furthermore, studies that have evaluated the impact of exercise prehabilitation on outcomes in any surgical patients have typically been underpowered for many important outcomes (median sample size 54 participants), and at significant risk of several biases.[@R16] Additionally, most studies have focused on younger and relatively well patients (mean age 63 years), populations who may be less likely to derive benefit from exercise prehabilitation.[@R40] In several studies of surgical patients with an average age \<65 years, function and HRQoL were not consistently improved.[@R41] In contrast, a recent study of high-risk older people (mean age 71 years) demonstrated improvements in postoperative function and a decreased rate of complications.[@R15] In keeping with these findings, our study focuses on individuals with lower baseline functional capacity (ie, frailty). Such individuals, we hypothesise, may have the most to gain from preoperative exercise. Our study is also adequately powered to detect an important difference in a patient-centred outcome and has been designed to be at low risk of bias through use of robust methods of allocation concealment, blinding and outcome adjudication. Furthermore, collection of our more distal patient-reported secondary outcome measures (disability, HRQoL) will allow for accurate sample size estimations for future, multicentre studies of exercise prehabilitation in older people living with frailty.

Limitations {#s4a}
-----------

Exercise therapy is a complex intervention that we will test in a population of patients who tend to have low baseline activity levels; feasibility of the intervention in this population has not been evaluated previously. This could lead to issues with protocol compliance that could lead to underestimation of the efficacy of the intervention, although our study processes have been designed to minimise this risk through regular compliance and support calls to intervention arm participants and per-protocol analyses. There is also the possibility that new introduction of increased activity in previously sedentary and functionally limited individuals could cause adverse effects such as falls or myocardial ischaemia. However, in addition to monitoring for these potential adverse effects, exercise will be introduced in a graded fashion and supported by regular calls to advance activity as appropriate. Furthermore, participants will have already been deemed fit for major surgery, which typically involves tolerance of four metabolic equivalents (consistent with moderate intensity activity).[@R44] Contamination could also occur between the control and intervention groups as physicians and nurses practising at the site may be influenced by the research study and may incorporate exercise prescription as part of their practice. To mitigate the risk that knowledge of which arm a patient has been allocated to influence their behaviour, participants in both study arms will be told that they are being enrolled in an exercise trial and age-appropriate activity guidelines are being provided to control arm participants. While this could reduce the relative impact of the intervention through increasing activity levels in the control group, we believe that the reduction in the risks of bias from knowledge of their allocation status more than outweighs the concern about attenuation of the intervention effect. Furthermore, relative activity levels between study arms will be monitored though use of a pedometer in all study participants.

Conclusion {#s5}
==========

In summary, we propose to evaluate the efficacy of a home-based exercise prehabilitation programme in frail elderly patients in preparation for cancer surgery to improve postoperative function. We plan to disseminate the results of this randomised clinical trial in peer-reviewed journals and presentations at scientific meetings. The results of this study will inform current perioperative practice and will provide direction for future research.
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